The article presents the results of theoretical and experimental research on the development of technology of functional minced fish canned food. Study of consumer preferences and the market of canned fish in the Murmansk region allowed to determine the range of novelties such as canned fish ("Skate and cod in white sauce" and "Meatballs made from skate and cod in tomato sauce"), enriched with chondroitin sulfate (CS). The use of thorny skate's (a fish that lives in the North Atlantic and the Barents Sea) wings meat for canning purposes enriches the composition of canned food. The content of CS in one can of canned food with net weight of 250 g ranged from 550 to 700 mg. This guarantees the intake of human body from 78 to 100% of the daily rate of this powerful chondroprotector. To remove urea from the skate's meat, the method of infrared blanching is proposed, which ensures the efficiency in removal of urea at over 70% of its initial content in fish. Infrared blanching allows not only saving raw materials from unpleasant smell, but also partially removing water from it (water losses are from 8 to 13%). Partial dehydration of raw materials allows avoiding formation of water sedimentation in ready-made canned goods after sterilization. With the help of the fuzzy logic method, the MatLab program determines the optimal formulations of canned food, which guarantee their best consumer properties. The Ellab device has been used to experimentally select sterilization modes, which guarantee industrial sterility of canned food, hence the actual sterilization effect is higher than the standard one. During the two years of research, experimental studies of organoleptic properties, microbiological and biochemical changes in canned food were carried out, which made it possible to establish the shelf life: one year at a storage temperature not exceeding 20 ∘ C.
Introduction
Currently the thorny skate (Amblyraja radiata) is the most promising object of fishing in the Barents Sea according to many experts [1--4] . The main factors that inhibit the BRDEM-2019 active fishing of thorny skate nowadays are the insufficiently reliable forecast on the commercial stock of fish and low demand for frozen products from the skate's meat in the domestic market of the Russian Federation. The last of the listed factors is caused by weak development of technologies in processing fish into food, fodder and technical substances and lack of traditions for consumption of this fish in Russia.
The most complete study of the thorny skate is carried out by scientists of the Polar Institute of National Regional Oceanography (PINRO) and the Murmansk State Technical University in the early 90s. The results of the study proved a high protein content in the edible part of fish (wings), a complete amino acid composition of the protein (1992 --1996) [5] . Subsequent studies have confirmed the high content of chondroitin sulfate (CS) in the thorny skate, as in other cartilaginous fish [6--9] --a substance that can have a chondroprotective effect on the human body (2014 --2015) [10--12] .
Taking this into account, the involvement of the thorny skate in the production of foodstuffs enriched with CS, and the development of technologies of functional products from the thorny skate is an urgent goal of research. In order to achieve this goal, the article solves the problems of substantiation of the method of effective urea removal, development of the recipe, technology and mode of sterilization of minced multi-component canned food, as well as the hygienic justification of the shelf life.
Methods and Equipment

Methods
The work uses modern research methods: marketing --consumer preferences and demands for canned fish were studied by means of anonymous written survey of more than 250 respondents of different sexes, age groups and income levels; organoleptic --the determination of organoleptic properties of canned meat was carried out by means of extended tasting by specialists using the developed scales, the results of tasting after statistical processing were presented in the form of profiling programs;
physical --development of modes of sterilization of canned meat with the help of "Ellab" device; physic-chemical ---mass fraction of water, fat --by weight method; DOI mathematical --the results of the experiments were processed using standard statistical methods via the Excel program, the optimal recipe composition of canned meat from the thorny skate was determined using the Fuzzy Logic Toolbox module included in the MatLab package.
Results
It is known that urea easily decomposes at temperatures above 65 ∘ C, which leads to the preliminary heat treatment (PHT) of the wings of the thorny skate for its removal. It is possible to perform the fastest heating of the skate's wings to the required temperature using electro-physical methods of heating, among which infrared heating (IR heating)
is recognized as the most effective method [13] . Considering this infrared blanching of the wings of the skate can be the best way to reduce the mass fraction of urea.
The task of the research at the initial stage was the development of the design parameters of the IR blancher, namely, the choice of the type of IR-emitter, and the determination of the optimal distance from the radiator to the surface of fish. The experiments were carried out on thorny skate caught in the Barents Sea, homogeneous in chemical composition and dimensional-mass characteristics. The conditions of the experiment are presented in Table 1 . The distance from the IR emitter to the fish surface of 80 mm, established experimentally, allows quickly (within 3 to 10 minutes depending on the color of the wing surface, dark or light side) reaching the temperature of 58...75 ∘ C in the centre of the skate's wing.
Short-term heating of the skate's wings facilitates their further processing (skin removal and separation of meat from cartilage). Losses of mass during infrared blanching are ranging from 2 to 8%, which is enough to prevent water settling in canned food after sterilization.
The effectiveness of IR blanching was judged by the change in the urea mass fraction after PHT. The results of the experiments are presented in Table 2 .
According to the results of the experimental study of the thermal kinetics of the skate's wings under different modes of IR blanching, the selection and justification of the industrial generator of IR radiation (KGT-220-1000), which meets the requirements of the process of PHT established experimentally, was carried out. Conducted by the BRDEM-2019 method of A.S. Ginzburg [13] , the calculations allowed accepting the reasonable design parameters of the IR blancher, presented in Table 3 . Recently, more and more works dedicated to mathematical modeling of recipes and food processing modes have been using modern mathematical methods of neural networks and fuzzy logic in addition to traditional regression models [14] . The following screenshots of the user screen show the results of the fuzzy logic modeling in MatLab:
• Renaming the variables of influencing factors Х 1 and Х 2 (Figures 1-3) After that, Rule Editor in the knowledge base editor was used to formulate 15 rules reflecting interdependence of the optimization parameter (response function),
i.e., organoleptic evaluation of canned goods and the selected influence factors from experimental data and sensor analysis of specimens. Weight coefficients in the range from 0 to 1 were subjectively assigned to each rule. The rules are shown in Figure 4 as a screenshot of the user's screen.
Visualization of the fuzzy derivation for each rule is shown as a sequence of horizontal rectangles ( Figure 5 ). Filling-in shows a degree of correspondence between the input values and the rules being formulated. shall be under 6% of the total weight. The modeling results are shown graphically in Figure 6 . The response surface was obtained with the Surface View module in Matlab.
The module visualizes dependence of an output variable on two input variables.
The results of the modeling and recipe optimization were confirmed with the results of expanded sensory analysis of the canned goods, shown in Table 5 . As it is evident form Table 5 , there we have the maximum possible organoleptic evaluation of canned foods produced with the recipe close to the optimal one (as In the process of sterilization, the temperature of the heating medium in the autoclave was fixed every minute with the help of the system of automatic control of the sterilization process "SAUST-E" (Fig. 2 --Images a and b) and, additionally, with the help of the temperature sensor of the device "Ellab" (Fig. 2 --Images c and d) .
The value of actual lethality was used as a determining indicator when checking the sterilization regime (F), which should be equal to or higher than the normative lethality value (F ).
As a result of the experiments it was established that the actual sterilizing effect for canned food was:
• «Meatballs from thorny skate and cod meat in tomato sauce» --6.8 probationary minutes;
• «Thorny skate & cod in white sauce» --6.5 probationary minutes.
The value of the normative sterilizing effect of canned food in the`No. 3' marked cans was not experimentally established, it was determined by calculation:
• «Meatballs from thorny skate and cod meat in tomato sauce» --4.6 probationary minutes;
• «Thorny skate & cod in white sauce» --5,2 probationary minutes.
As a result of work, it was found that the sterilization regime for canned food is overestimated (F is significantly higher than F ). It was also established that at 115 ∘ C «Meatballs from thorny skate and cod meat in tomato sauce» canned products can BRDEM-2019 a -thermal barogram of the sterilization process of canned meatballs from thorny skate and cod meat in tomato sauce b -changes in the temperature of the heating medium (1) and the product (2) Determination of the shelf life of new canned food was carried out according to the research schedule, the duration of which was 18 months, taking into account the reserve coefficient of 1.15 [15] . The results of microbiological studies are given in Table 4 and confirmed the industrial sterility of canned food produced according to the developed sterilization modes. Physicochemical studies have confirmed that the quality of canned food meets the established requirements.
Discussion
High content of CS in the canned food makes it possible to classify it as a functional product.
On the basis of the received experimental data it has been concluded that safety indicators are not limiting at definition of shelf life of canned products such as "Meatballs from thorny skate and cod meat in tomato sauce" and "Thorny skate & cod in white sauce" in case of qualitative raw materials in use and observance of all technological requirements while manufacturing the product.
Conclusion
A method of removing urea from the wings of the thorny skate via IR blanching has been developed and its high efficiency was experimentally confirmed: more than 82% of the initial urea content in fish is removed. The basic design parameters of the IR blancher of continuous action have been determined. 
